A novel approach is presented, whereby gold nanostructured screen-14 printed carbon electrodes (SPCnAuEs) are combined with in-situ ionic liquid 15 formation dispersive liquid-liquid microextraction (in-situ IL-DLLME) and 16 microvolume back-extraction for the determination of mercury in water samples.
fuels, agriculture, paper and electrochemical industries, and household wastes, 48 are the main responsible of the concerning increase of mercury levels in air, soil 49 and water of certain contaminated areas. Monitoring the presence of mercury in 50 natural and drinking waters is of great interest due to its high toxicity and 51 bioaccumulation factor [3] . Mercury concentrations are commonly in the range of low ng L -1 in environmental waters [3] whereas the permitted level of mercury 53 in drinking water depends on the responsible authorities of each territory. For 54 example, the Environmental Protection Agency (EPA) set the threshold level at 55 2 µg L -1 [4] but the European Union establishes the limit at 1 µg L -1 [5] . 56 Numerous analytical methods using capillary electrophoresis [6, 7] , gas 57 [7, 8] and liquid [7, 9] chromatography, cold-vapor atomic absorption [7, 10] or 58 fluorescence [7] spectrometry, inductively coupled plasma atomic emission [7] 59 or mass spectrometry [7, 11] have been developed to determine mercury in 60 natural [7] and drinking waters [8] [9] [10] [11] . In addition, electrochemical techniques 61 have also been widely employed and a proof of this are two excellent and 62 recently published reviews about the latest advances in electrochemical, mainly 63 voltammetric, determination of mercury [12, 13] . Electrochemistry offers 64 sensitivity, simplicity, rapid response and inexpensive instrumentation with 65 miniaturization and portable options. A major drawback to be considered results 66 from the difficulty of removing mercury from electrode surface between 67 measurements which lead to memory effect problems [12, 13] . However, 68 tedious and time consuming cleaning steps can be avoided with the use of 69 screen-printed electrodes (SPEs), which can be disposable after a single use 70 due to their high cost effectiveness. Several methods based on SPEs have 71 been reported for the determination of mercury in different water samples, 72 including the use of bare gold SPEs [14] , and modified SPEs with carbon 73 nanomaterials [15-17], gold films [18, 19] , gold nanoparticles [20, 21] , 74 nanohybrid materials [20] and chelating agents [22, 23] . As can be seen in 75 Table 1 , the vast majority of the reported works include a preconcentration step 76 over the working electrode followed by anodic stripping voltammetry. Gold is commonly employed in working electrodes due to its high affinity for mercury 78 which lead to an improvement in its preconcentration. In addition, mercury 79 suffers from a process named underpotential deposition (UPD) on gold 80 electrodes [13] . The UPD process occurs by the strong interaction between the 81 two metals once the mercury is reduced forming an adsorbed layer. The 82 formation of this layer makes that UPD occurs at a more positive potential than 83 in normal conditions and, as a consequence, the selectivity of the method is 84 generally improved. In this work, screen-printed carbon electrodes ( The approach presented here employs an in-situ IL-DLLME followed by 119 an ultrasound-assisted microvolume back-extraction and SPCnAuEs as 120 electrochemical transducers for the determination of mercury in water samples. . A multivariate optimization strategy has been adopted for 130 the optimization of the sample preparation and the applicability of the method 131 has been tested studying real-world water samples. experiments were randomly performed using aqueous standards of 25 µg L -1 .
240
The data obtained were evaluated using an ANOVA test and the results
241
were visualized with the Pareto chart shown in Figure 1 . The length of each bar 242 was proportional to the influence of the corresponding variable and the effects 243 that exceed each reference vertical line can be considered significant with a 244 95% and 90% probability, respectively.
245
According to Figure 1 , the ultrasounds frequency and HCl volume were 246 statistically significant variables, with 95% probability, having a negative effect.
247
The negative effect of the frequency is in agreement with the fact that at high 
266
The other four real variables considered in screening step with non-267 significant effects were fixed at the following levels: chelating agent, 40 µL (2 268 mg mL -1 ); ionic strength, 0% of NaCl; pH, the pH of water without any 269 adjustment; and ultrasounds power, 90%. 
277
CCD was used to evaluate and optimize main effects, interaction effects and 278 quadratic effects of the three considered variables. Table 3 shows the low and   279 high levels, the central and star points of the considered variables in the 280 optimization step. Nineteen experiments were randomly performed using 281 aqueous standards of 25 µg L -1 .
282
The data obtained were also evaluated using an ANOVA test. The 283 coefficients of the variables and the p-values are listed in Table 4 . volume has a negative effect ( Fig. 2a and b ) and the response of the system 299 increases when the HCl volume decreases. For the back-extraction time, the 300 response of the system increases with the time (Fig. 2a and c) until reaching a maximum at 14 min. Both, 10 µL for HCl volume and 14 min for the back-302 extraction time, were adopted as the optimum conditions for the proposed 303 methodology. As can be seen in Fig. 2b and c finally chosen for the validation of the method.
309
In summary, the results obtained from the optimization process lead to the concentrations of 3 and 10 µg L -1 . CV values of 13% were found in both cases.
328
An enrichment factor of 25 was obtained for the proposed procedure, defined as 329 the slope ratio of the calibration curves with and without preconcentration.
330
The limit of detection (LOD) was estimated according to the Directive 331 98/83/EC, on the quality of water intended for human consumption, as the 332 concentration corresponding to a signal that is five times the standard deviation 333 of the blank. The LOD was found to be 0.2 µg L -1 , which is lower than the most 334 of the reported work up to now using SPEs (see Table 1 ), and stands lower 335 than the threshold value established by both, the EPA and the European Union -3,668 0,101 C1*C1 -0,572 0,869 C2*C2 -13,322 0,003* C3*C3 -11,672 0,007* C1*C2 -2,863 0,533 C1*C3 -3,429 0,458 C2*C3 2,722 0,553 (*) Significant variables with 95% probability (i.e. p-value < 0.05). 
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